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Flavonoid galetin 3,6-dimethyl ether (FGAL) has been isolated from the aerial parts of Piptadenia stipu-
laceae and has shown a spasmolytic effect in guinea pig ileum. Thus, we aimed to characterize its re-
laxant mechanism of action. FGAL exhibited a higher relaxant effect on ileum pre-contracted by hista-
mine (EC50¼1.970.4107 M) than by KCl (EC50¼2.670.5106 M) or carbachol
(EC50¼1.870.4106 M). The ﬂavonoid inhibited the cumulative contractions to histamine, as well as
to CaCl2 in depolarizing medium nominally Ca2þ-free. The ﬂavonoid relaxed the ileum pre-contracted by
S-(–)-Bay K8644 (EC50¼9.571.9106 M) but less potently pre-contracted by KCl or histamine. CsCl
attenuated the relaxant effect of FGAL (EC50¼1.170.3106 M), but apamin or tetraethylammonium
(1 mM) had no effect (EC50¼2.670.2107 and 1.670.3107 M, respectively), ruling out the in-
volvement of small and big conductance Ca2þ-activated Kþ channels (SKCa and BKCa, respectively). Either
4-aminopyridine or glibenclamide attenuated the relaxant effect of FGAL (EC50¼1.870.2106 and
1.570.5106 M, respectively), indicating the involvement of voltage- and ATP-sensitive Kþ channels
(KV and KATP, respectively). FGAL did not alter the viability of intestinal myocytes in the MTT assay and
decreased (88%) Fluo-4 ﬂuorescence, indicating a decrease in cytosolic Ca2þ concentration. Therefore,
the relaxant mechanism of FGAL involves pseudo-irreversible noncompetitive antagonism of histami-
nergic receptors, KV and KATP activation and blockade of CaV1, thus leading to a reduction in cytosolic
Ca2þ levels.
& 2015 Elsevier B.V. All rights reserved.1. Introduction
Natural products have historically played an important role in
the processes of drug discovery and development, including a key
part in pharmacological research and health protection (Newmaníba, Cidade Universitária, PO
A. Cavalcante).and Cragg, 2012). Accordingly, plant derivatives are of scientiﬁc
importance because they have contributed to many advances in
science and industry (McChesney et al., 2007).
The species Piptadenia stipulacea (Benth.) Ducke (Fabaceae) is a
tree of the caatinga biome in Northeast Brazil, popularly known as
“jurema-branca” (Fabricante and Andrade, 2007), “jurema-mal-
icia-da-serra”, “carcará” and “calumbi” (Florentino et al., 2007). In
folk medicine, its bark and leaves are used as decoctions or tinc-
tures to treat wounds (Albuquerque and Andrade, 2002). Ad-
ditionally, this species is effective in treating inﬂammatory
Fig. 1. Chemical structure of galetin 3,6-dimethyl ether (FGAL) (Queiroz et al.,
2010).
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antinociceptive activities in mice (Queiroz et al., 2010). Also, in
pharmacological studies, its extracts have shown antimicrobial
activity against Staphylococcus aureus, Bacillus subtilis, Strepto-
coccus faecium and Neurospora crassa (Chiappeta and De Mello,
1984).
The ﬂavonoid galetin 3,6-dimethyl ether (FGAL) was obtained
from the chloroform phase of the crude ethanolic extract of P.
stipulacea aerial parts (Fig. 1), and its structure was identiﬁed by 1H
and 13C NMR (single- and two-dimensional) and by comparison
with literature data (Queiroz et al., 2010). FGAL has exhibited some
pharmacological activities, such as antiviral (Elsohly et al., 1997),
antinociceptive and anti-inﬂammatory effects in mice (Queiroz
et al., 2010) and spasmolytic activity in the rat uterus and aorta
(Macêdo et al., 2014), and guinea pig trachea (Macêdo et al., 2015)
and ileum (Macêdo et al., 2011).
In smooth muscle cells, Ca2þ inﬂux through voltage-dependent
calcium channels (CaV) initiates contraction directly by increasing
cytosolic Ca2þ concentration ([Ca2þ]C) and indirectly by its release
from the sarcoplasmic reticulum (Bers, 2002; Reuter, 1979; Tsien,
1983). Brieﬂy, this contraction process is dependent on two types
of stimuli: electromechanical coupling, which occurs through
membrane depolarization, leading to [Ca2þ]C increase by Ca2þ
inﬂux through CaV, and pharmacomechanical coupling, which
occurs by an agonist binding to its G protein-coupled receptor
(GPCR), initiating the inositol cascade through Gq/11 protein acti-
vation, mediating inositol 1,4,5-trisphosphate (IP3) and diacylgly-
cerol (DAG) production, ﬁnally leading to the opening of CaV and
Ca2þ release from the SR (Rembold, 1996).
Intestinal disorders, such as colic and diarrhea, are commonly
caused by strong smooth muscle contractions due to the action of
the enteric nervous system, and the pain caused by these in-
testinal spasms is usually treated medically with drugs that induce
smooth muscle relaxation (Sato et al., 2007). In a previous study,
FGAL showed a relaxant effect on guinea pig ileum (Macêdo et al.,
2011). Many ﬂavonoids have already demonstrated an intestinal
spasmolytic effect, such as quercetin, naringenin, apigenin and
genistein (Gharzouli and Holzer, 2004), diplotropin (Lima et al.,
2005), chrysoeriol, spinacetin and luteolin (Gorzalczany et al.
2013). Accordingly, this work was conducted to characterize the
mechanism underlying the relaxant effect of FGAL on the guinea
pig ileum, as part of our search for new drugs with therapeutic
potential for the treatment of disorders that affect the intestinal
smooth muscle.2. Material and methods
2.1. Animals
Male and female adult guinea pigs (Cavia porcellus) weighing
300–500 g were used in this study; they were obtained from
Bioterium Prof. Thomas George of Universidade Federal da Paraíba(UFPB). The animals had access to water and food (Labinas) ad
libitum, were kept in rooms at 2171 °C and were subjected to a
12-h light-dark cycle (light from 6 to 18 h). Beginning 18 h before
the experiments, the animals were deprived of food, but free ac-
cess to water was maintained. All animal welfare and experi-
mental procedures were undertaken in accordance with the
Ethical Principles of the Brazilian Society of Laboratory Animal
Science approved by the UFPB Ethics Committee on Animal Use
(CEUA protocol no. 0705/13).
2.2. Chemicals
FGAL was obtained and puriﬁed as previously described
(Queiroz et al., 2010). Calcium chloride bihydrate (CaCl2) was ob-
tained from Vetec (Duque de Caxias, RJ, Brazil) and potassium
chloride (KCl) from Fmaia (Cotia, SP, Brazil). Histamine dihy-
drochloride and carbamylcholine hydrochloride (CCh) were ob-
tained from Merck (Rio de Janeiro, RJ, Brazil). Apamin, glib-
enclamide, cesium chloride (CsCl), Cremophor ELs, dimethyl
sulfoxide (DMSO), Hanks' Balanced Salt Solution (HBSS), S-
()-Bay K8644, tetraethylammonium chloride (TEAþ), verapamil,
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) and 4-aminopyridine (4-AP) were purchased from Sigma-
Aldrich (Duque de Caxias, RJ, Brazil). Dulbecco’s Modiﬁed Eagle
Medium (DMEM), fetal bovine serum (FBS) and L-glutamine were
acquired from Cultilab (Campinas, SP, Brazil), and Fluo-4 NW dye
mix was obtained from Invitrogen (Carlsbad, CA, USA). All sub-
stances were dissolved and diluted in distilled water, except
glibenclamide and S-()-Bay K8644, which were dissolved in
ethanol, and FGAL, which was dissolved in Cremophor ELs (3%)
and distilled water (Cremophor ELs never exceeding 0.01% (v/v) in
the organ baths, resulting in no observable solvent effects on
ileum muscle tone).
2.3. Measurement of ileum contractile activity
Animals were euthanized by cervical dislocation followed by
exsanguination. The ileum was immediately removed, cleaned of
fat and connective tissue, immersed in physiological solution at
room temperature and bubbled with carbogen (95% O2 and 5%
CO2). Ileum segments (2–3 cm) were suspended in organ baths
under a resting tension of 1.0 g at 37 °C. Tissues were allowed to
stabilize for 30 min (Daniel et al., 2001). The physiological solution
was modiﬁed Krebs solution with the following composition
(mM): NaCl (117.0), KCl (4.7), MgSO4 (1.3), NaH2PO4 (1.2), CaCl2
(2.5), glucose (11.0) and NaHCO3 (25.0) (Sun and Benishin, 1994). A
depolarizing solution (70 mM KCl) nominally Ca2þ-free with the
same composition was also used, only with KCl in equimolar ex-
change for NaCl (Van Rossum, 1963). All solutions had their pH
adjusted to 7.4 with 1 M HCl or NaOH. Concentrations are given as
ﬁnal concentrations in the bath solution.
To record isotonic contractions, organs were suspended by
cotton string in organ baths (5 ml) and recorded on a smoked
drum by levers coupled to kymographs (DTF, Brazil). To record
isometric contractions, organs were suspended by steel rods in
organ baths (6 ml), connected to a force transducer (TIM 05) at-
tached to an ampliﬁer (AECAD04F) and connected to an A/D
converter into a PC running AQCADs software (São Paulo, Brazil).
2.4. Cell culture
The guinea pig ileum was obtained as previously described
(Daniel et al., 2001). The longitudinal smooth muscle layer of the
guinea pig ileum (2–3 cm) was carefully stripped off, and the
pieces were placed in warmed physiological solution and then
successively washed with Ca2þ-free solution. In addition, tissue
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medium supplemented with 20 mM L-glutamine, 10% fetal bovine
serum, 100 U/ml penicillin and 10 μg/ml streptomycin was added.
The samples were then stored in a 5% CO2 incubator (Claro et al.,
2007). Every 48 h, the ﬂasks were washed with PBS, and the cul-
ture medium was replaced. When the ﬂasks were conﬂuent, the
mediumwas removed, and the adherent cells were incubated with
trypsin/EDTA (1:2500) for 2 min in the incubator. The loosened
cells were resuspended in culture medium and transferred to
Falcon™ tubes (15 ml) and centrifuged (500g) for 5 min. The su-
pernatant was discarded, and the pellets obtained were used in
the subsequent experiments. All procedures were performed in an
aseptic environment using a laminar ﬂow cabinet.
2.5. Experimental protocols
2.5.1. Effect of FGAL on KCl-, carbachol- or histamine-induced tonic
contractions
After the tissue stabilization period, contraction was evoked by
40 mM KCl, 10 mM CCh or 1 mM histamine. During the tonic phase,
FGAL was added cumulatively in the organ bath to obtain a re-
laxation curve. The relaxant effect induced by the ﬂavonoid was
expressed as a reverse percentage of the initial contraction elicited
by the contractile agents. The relaxant potency of FGAL was as-
sessed by the EC50 values (molar concentration of a substance at
half-maximum effect) and compared for each contractile agent.
2.5.2. Effect of FGAL on histamine-induced cumulative contractions
After the tissue stabilization period, two similar cumulative
concentration–response curves for histamine (1 nM to 30 mM)
were obtained (control). The segment of the ileum was then in-
cubated with different concentrations of FGAL for 15 min, and a
third cumulative concentration–response curve for histamine was
obtained. Each preparation was exposed to only one FGAL con-
centration. The maximum amplitude of concentration–response
curves for histamine was considered as 100% (control), and all
contractions in the presence of FGAL were assessed relative to this
control. The inhibitory effect of FGAL was evaluated on the basis of
the EC50 values and the maximum effect (Emax) of histamine, as-
sessed by its concentration–response curves, in the absence
(control) and presence of the ﬂavonoid (Dunne, 1979). The an-
tagonism exerted by the ﬂavonoid was evaluated on the basis of
the Schild plot and the potency according to the pD'2 value (ne-
gative base 10 logarithm of the molar concentration of an an-
tagonist that reduces the agonist response at half-maximum ef-
fect) (Arunlakshana and Schild, 1959).
2.5.3. Effect of FGAL on CaCl2-induced cumulative contractions in
depolarizing medium nominally Ca2þ-free
After the tissue stabilization period, modiﬁed Krebs solution
was replaced by a depolarizing solution (70 mM KCl) nominally
Ca2þ-free. After 45 min, two cumulative concentration–response
curves for CaCl2 (3 mM to 0.1 M) were obtained (control). The
ileum segment was then incubated with different concentrations
of FGAL for 15 min, and a third cumulative concentration–re-
sponse curve for CaCl2 was obtained. The maximum amplitude of
CaCl2 curves was considered as 100% (control), and all contractions
in the presence of FGAL were assessed relative to this control. The
inhibitory effect of FGAL was evaluated on the basis of the EC50
values and Emax for CaCl2, assessed by its concentration–response
curves, in the absence (control) and presence of the ﬂavonoid (Van
Rossum, 1963).
2.5.4. Effect of FGAL on S-()-bay K8644-induced tonic contractions
After the tissue stabilization period, the ileum segment was
partially depolarized by adding 15 mM KCl for 10 min (Usowiczet al., 1995) followed by a contraction evoked with 0.3 mM S-
()-Bay K8644, a selective CaV1 agonist (Ferrante et al., 1989).
During the tonic phase, FGAL was added cumulatively in the organ
bath to obtain a relaxation curve. The relaxant effect induced by
the ﬂavonoid was expressed as the reverse percentage of the in-
itial contraction elicited by S-()-Bay K8644, and the relaxant
potency of FGAL was determined by the EC50 value.
2.5.5. Effect of FGAL on histamine-induced tonic contractions in
absence and presence of Kþ channel blockers
After the tissue stabilization period, the ileum segment was
incubated with 5 mM CsCl, a non-selective Kþ channel blocker
(Knot et al., 1996), for 20 min, and a contraction was then evoked
with 1 mM histamine. During the tonic phase, FGAL was added
cumulatively in the organ bath to obtain a relaxation curve. Si-
milarly, selective Kþ channel blockers were employed to evaluate
the Kþ channel subtypes, namely: 10 mM glibenclamide, an ATP-
sensitive Kþ channel (KATP) blocker (Sun and Benishin, 1994);
0.1 mM apamin, a small conductance calcium-activated Kþ channel
(SKCa) blocker (Ishii et al., 1997); 0.3 mM 4-aminopyridine, a vol-
tage-activated Kþ channel (KV) blocker (Robertson and Nelson,
1994); and 1 mM TEAþ , a big conductance calcium-activated Kþ
channel (BKCa) blocker (Knot et al., 1996). The relaxant potency of
FGAL was determined by the EC50 value and compared in the
absence (control) and presence of each blocker.
2.5.6. Effect of FGAL on longitudinal layer myocytes of Guinea pig
ileum
2.5.6.1. Effect of FGAL on ileum longitudinal myocyte viability. Cell
viability was determined using the MTT assay, based on the tet-
razolium salt MTT, which detects living but not dead cells, and the
colorimetric signal generated is directly proportional to the
number of viable cells (Denizot and Lang, 1986). Brieﬂy, homo-
genized pellets with culture medium were grown in black 96-well
microplates, approximately 20,000 cells per well, and stabilized in
a 5% CO2 incubator for 24 h for cell adhesion. The cells were then
treated for 2 and 24 h with 0.1 mM FGAL in HBSS. After treatment,
5 mg/ml MTT (10 mL) was added, and the myocytes were incubated
for 6 h in a 5% CO2 incubator. The plates were centrifuged, and the
supernatant discarded. The water-insoluble dark blue formazan
crystals formed by viable cells were solubilized in DMSO (100%).
The spectrophotometric absorbance was measured (540 nm) using
a multi-mode microplate reader (FlexStation 3), which measures
absorbance, ﬂuorescence intensity, ﬂuorescence polarization, lu-
minescence, and time-resolved ﬂuorescence, and the Soft Max Pro
software (Molecular Devices, USA). The experiments were per-
formed in triplicate, and the absorbance from cells grown in
medium with only DMSO added was taken as 100% (control)
viability.
2.5.6.2. Effect of FGAL on cytosolic Ca2þ concentration of ileum
longitudinal myocytes. Cell pellets resuspended in culture medium
were grown in 96-well microplates, approximately 40,000 cells
per well, and allowed to stand in a 5% CO2 incubator for 24 h for
cell adhesion. After the adherence period, the culture medium was
discarded and Fluo-4 NW (50 μL) was added (Direct Calcium Assay
Kit), according to the manufacturer’s instructions (Molecular
Probes/Invitrogen, USA), and the microplates were incubated for
40 min in a 5% CO2 incubator (Paredes et al., 2008). After in-
corporation of the ﬂuorophore, the ﬂuorescence was quantiﬁed in
a microplate reader (FlexStation 3) using Soft Max Pro software
(Molecular Devices, USA). Fluo-4 was excited (490 nm), and light
emission was detected at 524 nm. Fluorescence was recorded
without interruption for 240 s. The ﬂuorescence intensity was
increased by adding 1 mM histamine, and later, 1 mM verapamil
(positive control), HBSS (negative control) or 30 mM FGAL was
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Experiments were performed in triplicate, and the ﬂuorescence
from cells stimulated with histamine was taken as 100% (control)
ﬂuorescence intensity.
2.6. Statistical analysis
The data were expressed as the mean and standard error of the
mean (S.E.M.). Differences between values were statistically com-
pared using Student's t-test for single comparisons or one-way
ANOVA followed by Bonferroni’s post-hoc test for multiple com-
parisons, and values were considered signiﬁcantly different when
Po0.05. EC50 values were calculated by nonlinear regression
(Neubig et al., 2003) and Schild slope and pD'2 by linear regression
(Arunlakshana and Schild, 1959). All analyses were performed
using GraphPad Prisms version 5.01 (GraphPad Software Inc., San
Diego, CA, USA).Fig. 3. Cumulative concentration–response curves to histamine in the absence (■)
and presence of 3106 (□), 105 (), 3105 (○) and 104 M FGAL (▲), (n¼5).
The responses are expressed as the percentage of initial contraction elicited by
histamine. Symbols and vertical bars represent the mean and S.E.M, respectively.
One-way ANOVA followed by Bonferroni’s post-hoc test. ***Po0.001 (control vs.
FGAL).
Table 1
Emax (%) and EC50 (M) values of histamine in the absence (control) and presence of
FGAL (3106 to 104 M) on guinea pig ileum.
FGAL (M) Emax (%) EC50 (M)
Control 100.0 4.270.21073. Results
3.1. Effect of FGAL on KCl-, carbachol- or histamine-induced tonic
contractions
FGAL (0.1 nM to 0.1 mM, n¼5) showed equipotency in relaxing
the ileum pre-contracted by 40 mM KCl (EC50¼2.67
0.5106 M) or 10 mM CCh (EC50¼1.870.4106 M), but com-
paratively higher potency in relaxing the ileum pre-contracted
with 1 mM histamine (EC50¼1.970.4107 M), approximately 14
and 10-fold, respectively, all in a concentration-dependent manner
(Fig. 2).
3.2. Effect of FGAL on histamine-induced cumulative contractions
FGAL (3 mM, 10 mM, 30 mM and 0.1 mM, n¼5) inhibited the
histamine-induced cumulative contractions in a concentration-Fig. 2. Effect of FGAL on ileum pre-contracted with 106 M histamine (■), 105 M
CCh (□) or 40 mM KCl (), (n¼5). The responses are expressed as the reverse
percentage of initial contraction elicited by histamine, CCh or KCl. Symbols and
vertical bars represent the mean and S.E.M., respectively. One-way ANOVA followed
by Bonferroni's post-hoc test. *Po0.05 (histamine vs. CCh), **Po0.01 (histamine
vs. KCl).
3106 92.973.8 6.371.3107
105 80.372.4* 1.170.2106
3105 40.474.8* 1.770.5106**
104 4.470.8* Nd
Data are expressed as the mean7S.E.M. (n¼5). One-way ANOVA followed by
Bonferroni's post-hoc test. Nd: not determined.
n Po0.05 (control vs. FGAL).
nn Po0.01 (control vs. FGAL).dependent manner (Fig. 3). The ﬂavonoid rightward shifted the
histamine curves in a nonparallel manner, indicated by the in-
creased EC50 values for histamine, leading to Emax reduction (Ta-
ble 1). The Schild slope was 0.626370.0762, differing from unity,
and the inhibitory potency of FGAL, expressed as the pD'2 value,
was 5.06470.2309.
3.3. Effect of FGAL on CaCl2-induced cumulative contractions in de-
polarizing medium nominally Ca2þ-free
FGAL (3 mM, 10 mM, 30 mM and 0.1 mM, n¼5) inhibited
CaCl2-induced cumulative contractions in a depolarizing medium
(70 mM KCl) nominally Ca2þ-free (Fig. 4). CaCl2 curves were
shifted to the right in a nonparallel manner, indicated by the in-
creased EC50 values fpr CaCl2, leading to Emax reduction (Table 2).
3.4. FGAL effect on S-()-bay K8644-induced tonic contractions
FGAL (0.1 nM to 0.1 mM, n¼5) relaxed ileum pre-contracted
with 0.3 mM S-()-Bay K8644, selective CaV1 agonist
(EC50¼9.571.9106 M) in a concentration-dependent manner.
Fig. 4. Cumulative concentration–response curves to CaCl2 in the absence (■) and
presence of 3106 (□), 105 (), 3105 (○) and 104 M FGAL (▲), (n¼5). The
responses are expressed as the percentage of initial contraction elicited by CaCl2.
Symbols and vertical bars represent the mean and S.E.M, respectively. One-way
ANOVA followed by Bonferroni's post-hoc test. ***Po0.001 (control vs. FGAL).
Table 2
Emax (%) and EC50 (M) values of CaCl2 in absence (control) and presence of FGAL
(3106–104 M) in guinea pig ileum.
FGAL (M) Emax (%) EC50 (M)
Control 100.0 1.270.1103
3106 87.073.2 5.071.0104
105 57.478.3* 1.870.3103
3105 40.976.0* 5.570.4103*
104 0.0* Nd
Data are expressed as the mean7S.E.M. (n¼5). One-way ANOVA followed by
Bonferroni’s post-hoc test. Nd: not determined.
n Po0.05 (control vs. FGAL).
Fig. 5. Effect of FGAL on ileum pre-contracted with 106 M histamine (■), 40 mM
KCl () or 3107 M S-()-Bay K8644 (◆), (n¼5). The responses are expressed as
the reverse percentage of initial contraction elicited by histamine, KCl or S-()-Bay
K8644. Symbols and vertical bars represent the mean and S.E.M., respectively. One-
way ANOVA followed by Bonferroni’s post-hoc test. **Po0.01 (S-()-Bay K8644 vs.
KCl), ***Po0.001 (S-()-Bay K8644 vs. histamine).
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with S-()-Bay K8644 than with 40 mM KCl (EC50¼2.67
0.5106 M) or 1 mM histamine (EC50¼1.970.4107 M), by
approximately 3- and 50-fold, respectively (Fig. 5).3.5. Effect of FGAL on histamine-induced tonic contractions in the
absence and presence of Kþ channel blockers
The relaxant effect of FGAL (EC50¼1.970.4107 M, n¼5)
was attenuated in the presence of 5 mM CsCl, a non-selective Kþ
channel blocker (EC50¼1.170.3106 M, n¼5) with an ap-
proximately 6-fold reduction of its relaxant potency. Moreover, the
relaxant potency of FGAL was attenuated in the presence of
0.3 mmM 4-AP, KV blocker (EC50¼1.870.2106 M, n¼5), or
10 mM glibenclamide, KATP blocker (EC50¼1.570.5106 M,
n¼5) (Fig. 6A). FGAL had its relaxant potency attenuated ap-
proximately 10- and 8-fold, respectively, in the presence of these
blockers. In contrast, the relaxant effect of FGAL was not modiﬁed
in the presence of 1 mM TEAþ , BKCa blocker
(EC50¼2.670.2107 M, n¼3), or 0.1 mM apamin, SKCa blocker
(EC50¼1.670.3107 M, n¼3) (Fig. 6B).3.6. FGAL effect on longitudinal layer myocytes of Guinea pig ileum
3.6.1. Effect of FGAL on ileum longitudinal myocyte viability
The number of viable myocytes of the guinea pig ileum was
unaltered after 2 or 24 h of exposure to FGAL (0.1 mM, n¼3)
(Fig. 7).
3.6.2. Effect of FGAL on cytosolic Ca2þ concentration of ileum long-
itudinal myocytes
Histamine at 1 mM (control) induced an increase in ﬂuores-
cence intensity, remaining stable throughout the stimulation per-
iod (220 s), as a result of the increase and maintenance of elevated
[Ca2þ]C on guinea pig ileum longitudinal myocytes loaded with
Ca2þ ﬂuorophore Fluo-4 (Fig. 8A). FGAL at 30 mM (n¼3) reduced
the ﬂuorescence intensity emitted by Fluo-4-loaded myocytes
throughout the contact period (120 s) as a result of decreased
[Ca2þ]C (Fig. 8B). The ﬂuorescence intensity observed after ex-
posure of cells to FGAL was reduced by 88.379.3%, similar to the
value observed after exposure to 1 mM verapamil (n¼3), which
reduced the ﬂuorescence intensity by 65.575.9% (Fig. 8C). The
ﬂuorescence decrease observed during the ﬁrst 20 s of exposure of
cells to the ﬂavonoid was an artifact, because in the presence of
HBSS (negative control), the same pattern of ﬂuorescence decrease
was observed, followed by ﬂuorescence intensity being reestab-
lished and maintained constant (Fig. 9).4. Discussion
In this work, we characterized the mechanism involved in the
relaxant action of FGAL on guinea pig ileum. Herein, we showed
that its activity occurs due to a pseudo-irreversible non-
competitive antagonism of histaminergic receptors, and positive
modulation of Kþ channels, mainly the KV and KATP subtypes as
well, which leads to CaV1 inactivation and attenuation of Ca2þ
inﬂux, reducing the cytosolic levels of this ion in intestinal smooth
Fig. 6. Effect of FGAL on ileum pre-contracted with 106 M histamine in the ab-
sence (⎕) and presence of CsCl (Δ), 4-AP (▼) or glibenclamide (○), (n¼5) (A) and
apamin (◇) or 1 mM TEAþ (◆) (n¼3) (B). The responses are expressed as the re-
verse percentage of initial contraction elicited by histamine. Symbols and vertical
bars represent the mean and S.E.M., respectively. Student's t-test. *Po0.05 (his-
tamine vs. CsCl/glibenclamideþhistamine), ***Po0.001 (histamine vs.
4-APþhistamine).
Fig. 7. Effect of FGAL on cell viability of ileum longitudinal layer myocytes after
2 and 24 h of exposure. Columns and vertical bars represent the mean and S.E.M.,
respectively (n¼3).
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Contractile agents such as acetylcholine, histamine and KCl
cause a biphasic contractile response consisting of a transient
contraction (phasic) followed by a sustained one (tonic) main-
tained during exposure to the contractile agent (Horie et al., 2005;
Tanahashi et al., 2009). It has been reported that the phasic con-
traction is caused by inositol 1,4,5-trisphosphate (IP3)-mediated
Ca2þ release from intracellular stores (Abdel-Latif, 1989; Kobaya-
shi et al., 1989), whereas the tonic contraction is attributed to aCa2þ inﬂux through CaV (Jim et al., 1981).
Previously, FGAL was shown to have an equipotent spasmolytic
effect on guinea pig ileum contracted by CCh- and histamine
(Macêdo et al., 2011). Thus, because the mechanisms involved in
tonic contraction maintenance differ from those that induce phasic
contraction (Abdel-Latif, 1989), we decided to determine whether
this ﬂavonoid relaxes guinea pig ileum pre-contracted by KCl, an
electromechanical contractile agent, as well as by histamine and
carbachol, both pharmacomechanical coupled contractile agents
whose effects are mediated by histaminergic (H1) and muscarinic
(M3) receptors, both coupled to the Gq/11 protein, which functions
as a transducer to activate the IP3/DAG signaling pathway, leading
to increased cytosolic Ca2þ levels (Ash and Schild, 1966; Berridge
et al., 2003; Ehlert et al., 1999).
FGAL was equipotent in relaxing the ileum pre-contracted with
KCl or CCh, but showed high potency when histamine was em-
ployed as the contractile agent. Thus, we proposed that the ﬂa-
vonoid might be acting as an antagonist of histaminergic re-
ceptors, well as modulating targets in the downstream signaling
pathway of histamine, such as CaV or Kþ channels.
The effect of FGAL on the cumulative concentration-response
curves to histamine indicates a pharmacological proﬁle of pseudo-
irreversible noncompetitive antagonism of histaminergic re-
ceptors; in this case, the drug dissociation from the receptor oc-
curs so slowly that its action is extremely prolonged. In the pre-
sence of an antagonist of slow dissociation, the agonist has its
maximum effect suppressed and abolished at high concentrations
of the antagonist (May et al., 2007). Additionally, the ﬁnding of the
slope value differing from unity reinforces this type of antagonism.
Some ﬂavonoids have shown a spasmolytic effect on guinea pig
ileum contracted by histamine, such as quercetin, in a model of
anaphylactic ileum smooth muscle contraction (Fanning et al.,
1983); 4′-methylepigallocatechin, isolated from Maytenus rigida
(Rocha et al., 2012), and ﬂavonoids isolated from Thymus vulgaris,
were also shown to have a spasmolytic effect on histamine-in-
duced contractions, and this effect was related to the inhibition of
Fig. 8. Representative results of control (A) and effects of FGAL (B) and verapamil
(C) on calcium signals in Fluo 4-loaded ileum longitudinal layer myocytes stimu-
lated with 106 M histamine.
Fig. 9. Effect of FGAL on ﬂuorescence intensity induced by 106 M histamine on
ileum longitudinal layer myocytes (n¼3). The responses are expressed as relative
ﬂuorescence units (RFU). Columns and vertical bars represent the mean and S.E.M.,
respectively. Student’s t test; ***Po0.001 (histamine vs. FGAL/verapamil).
L.H.C. Vasconcelos et al. / European Journal of Pharmacology 767 (2015) 52–6058Ca2þ inﬂux through CaV (Van den Broucke and Lemli, 1983).
Conversely to FGAL, the ﬂavonoid diplotropin, isolated from Di-
plotropis ferruginea, showed higher potency in the ileum con-
tracted with CCh than with histamine; its spasmolytic effect was
not associated with an antagonism of muscarinic receptors but
rather related to the blockade of CaV (Lima et al., 2005). Thus, it is
reasonable to state that FGAL has no selectivity for the contractile
agents tested and that its effect is probably due to a downstream
modulation of the histamine signaling pathway.
Intracellular Ca2þ sources do not signiﬁcantly contribute to the
tension level reached by guinea pig ileum (Nouailhetas et al.,
1985). Conversely, both phasic and tonic contractions are depen-
dent on external Ca2þ (Honda et al., 1996), since its extracellular
removal abolishes the contractions. The antagonism by FGAL of the
CaCl2-induced cumulative contractions indicated the inhibition of
Ca2þ inﬂux through the CaV. However, the means by which FGAL
promoted this inhibition, i.e., whether the ﬂavonoid acts by di-
rectly blocking these channels or opening the Kþ channels, is a
question to be answered.
In intestinal smooth muscle cells, CaV1 is primarily responsible
for mediating the Ca2þ inﬂux. Particularly, CaV 1.2 is the only CaV
expressed in the guinea pig ileum (Catterall, 2011). FGAL relaxed
the ileum pre-contracted by S-()-Bay K8644, an agonist of CaV1,
which binds directly to the voltage-sensitive α1 subunit to open
these channels (Spedding and Paoletti, 1992), indicating the in-
hibition of Ca2þ inﬂux through CaV1.2 to relax the guinea pig
ileum. The fact that the ﬂavonoid was less potent against the CaV1
agonist than KCl or histamine suggests that FGAL attenuated Ca2þ
inﬂux by an indirect mechanism.
Smooth muscle contraction depends on a balance between
increasing Kþ conductance, leading to repolarization/hyperpolar-
ization, and decreasing it, leading to depolarization (Knot et al.,
1996). Their activity can be regulated by voltage, Ca2þ or neuro-
transmitters, thus stimulating their signaling pathways (Alexander
et al., 2011), because Kþ ﬂux through its channels regulates Ca2þ
inﬂux (Thorneloe and Nelson, 2005). Thus, Kþ channel openers
include a diverse group of molecules with wide therapeutic
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pertension, and minoxidil, also indicated for hypertension as well
as asthma and irritable bladder syndrome (Quest and Cook, 1989).
The higher potency of FGAL against histamine- than KCl-induced
contractions indicates that the membrane depolarization induced
by the elevation of extracellular Kþ concentration hinders the
relaxation caused by FGAL. Thus, the relaxant effect of FGAL is
possibly mediated by the activation of Kþ channels, leading to
membrane hyperpolarizing and subsequently preventing Ca2þ
inﬂux through CaV1. Interestingly, the relaxant potency of FGAL
was attenuated in the presence of CsCl, a non-selective Kþ channel
blocker, conﬁrming the involvement of these channels.
Mainly certain Kþ channels subtypes, including BKCa, SKCa,
KATP, and KV (Vogalis, 2000) regulate intestinal smooth muscle
tone. The relaxant potency of FGAL was not modiﬁed in the pre-
sence of 106 M TEAþ or 107 M apamin, ruling out the partici-
pation of BKCa and SKCa, respectively. However, in the presence of
3107 M 4-AP or 105 M glibenclamide, the relaxant effect of
FGAL was attenuated, conﬁrming that KV and KATP are positively
modulated by FGAL to block CaV1 indirectly and to reduce Ca2þ
inﬂux in the guinea pig ileum. These ﬁndings are similar to those
observed in rat aorta, in which FGAL promotes vasorelaxation by
activation of KV and KATP (Macêdo et al., 2014). Conversely, in
guinea pig trachea, the relaxant effect of FGAL was found to be
unrelated to the activation of these Kþ channel subtypes but to
SKCa (Macêdo et al., 2015). These controversial ﬁndings might be
due to possible organ speciﬁcity, because the ion channels may
vary structurally according to the organ or may show different
expression depending on the location of the smooth muscle.
The results obtained so far indicate that FGAL interferes with
Ca2þ signaling to exert its spasmolytic effect on the guinea pig
ileum. We conﬁrmed these ﬁndings at the cellular level analyzing
the inﬂuence of FGAL on [Ca2þ]C. First, we analyzed the inﬂuence
of FGAL on the in vitro viability of ileum longitudinal myocytes.
The ﬂavonoid at the highest concentration used in functional
studies did not alter the cell viability after 2 and 24 h of exposure,
as measured in the MTT assay. Thus, FGAL does not have a cyto-
toxic effect on intestinal longitudinal myocytes, indicating that cell
death was not the means by which the ﬂavonoid relaxed guinea
pig ileum.
The smooth muscle relaxation is dependent on the decrease in
cytosolic Ca2þ levels (Somlyo and Somlyo, 1994). To determine if
FGAL reduced [Ca2þ]C, we assessed its effect on the ﬂuorescence
intensity emitted by cytoplasmic Ca2þ ions labeled with the
ﬂuorescent probe Fluo-4. It was possible to visualize that FGAL at
the concentration close to its IC50 (Macêdo et al., 2011), reduced
[Ca2þ]C (by approximately 88%). Furthermore, this reduction is
consistent with observations of FGAL-induced relaxation of ileum
pre-contracted with histamine, for which, at the same con-
centration, the ﬂavonoid exerted approximately 90% of its max-
imum relaxant effect, reinforcing that FGAL reduces cytosolic Ca2þ
levels to relax the guinea pig ileum.5. Conclusions
The relaxant mechanism of action of FGAL in guinea pig ileum
involves the pseudo-irreversible noncompetitive antagonism of
histaminergic receptors (H1), as well as the positive modulation of
KV and KATP, which leads to the attenuation of Ca2þ inﬂux through
CaV1 and subsequent decrease in cytosolic Ca2þ levels. Thus, FGAL
is a natural chemical that can provide new strategies for the
treatment of intestinal disorders, such as cramps, diarrhea and
constipation, or a prototype to obtain new compounds acting on
Kþ channels and Ca2þ signaling.Acknowledgment
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